Chronic osteomyelitis of maxilla and mandible is rare in industrialized countries and its occurrence in developing countries is associated with trauma and surgery, and its microbial etiology has not been studied thoroughly. The aim of this investigation was to evaluate the microbiota associated with osteomyelitis of mandible or maxilla from some Brazilian patients. After clinical and radiographic evaluation, samples of bone sequestra, purulent secretion, and biopsies of granulomatous tissues from twenty-two patients with chronic osteomyelitis of mandible and maxilla were cultivated and submitted for pathogen detection by using a PCR method. Each patient harbored a single lesion. Bacterial isolation was performed on fastidious anaerobe agar supplemented with hemin, menadione and horse blood for anaerobes; and on tryptic soy agar supplemented with yeast extract and horse blood for facultative bacteria and aerobes. Plates were incubated in anaerobiosis and aerobiosis, at 37 o C for 14 and 3 days, respectively. Bacteria were cultivated from twelve patient samples; and genera Actinomyces, Fusobacterium, Parvimonas, and Staphylococcus were the most frequent. By PCR, bacterial DNA was detected from sixteen patient samples. The results suggest that cases of chronic osteomyelitis of the jaws are usually mixed anaerobic infections, reinforcing the concept that osteomyelitis of the jaws are mainly related to microorganisms from the oral environment, and periapical and periodontal infections may act as predisposing factors.
INTRODUCTION
Chronic osteomyelitis is a relapsing and persistent infection that evolves over months to years and is characterized by low-grade inflammation, presence of bone sequestra, new bone apposition, and, some times, fistulous tracts. (28) In contrast to acute purulent osteomyelitis, chronic osteomyelitis is characterized by a low-grade clinical presentation, with lymphocyte and plasma cell infiltrates with necrotic areas and some bone condensation (28) .
Its occurrence in the craniofacial skeleton is rarely observed in industrialized countries (1) . However, this infection is prevalent in developing countries, where it is frequently associated with trauma and surgery, and its incidence, clinical signs and microbial etiology have not been studied thoroughly (22) . In the maxillofacial skeleton, The pathogenesis of osteomyelitis may be induced either by hematogenous origin or by dissemination of local infections, and its treatment involves removal of bone sequestra, lesion debridement, and bone decortication associated with systemic antibiotic therapy (7, 10) . However, in some patients, these infections are refractory to surgery and antibiotic therapy (7) , requiring an adequate microbiological diagnosis (10, 16) .
The occurrence, type, severity and clinical prognosis of osteomyelitis depend upon several factors, including the characteristics and virulence of the infecting pathogen, host immune response and source of infection (3) . In addition, rapid and accurate microbiological osteomyelitis diagnosis is crucial to delineate the appropriate antibiotic therapy.
Thus, the aim of the present study was to evaluate the microbiota associated with chronic osteomyelitis of maxilla and mandible.
MATERIAL AND METHODS

Patients and Sample Collection
A total of twenty-two patients (14 males and 8 females); All patients underwent clinical interview to obtain information about their identification, age, ethnic aspects, family and past medical history, followed by clinical and radiographic evaluation of the bone lesion, periodontium and teeth. The most frequent clinical findings are presented in Table 2 . Patients exhibiting uncontrolled significant cardiovascular, pulmonary, diabetes mellitus, renal or hepatic disease; submitted to radiotherapy or therapy with bisphosphonates, steroid drugs treatment, or self-medication with antibiotics three months prior to the beginning of the treatment were excluded from this study (28) . Six months prior to treatment, six patients had made use of self-medication with amoxicillin and two patients had taken ciprofloxacin and cephalexin orally for 7-14 days.
Only bone biopsy, bone sequestra, bone marrow, granulation tissue and aspirated pus specimens were acceptable for microbial diagnosis. In order to avoid cross-contamination from oral microorganisms, the clinical specimens were obtained intra-orally through surgical procedures, avoiding contact with soft tissues, oral environment and sinus tracts.
When possible, samples of bone or granulation tissues were also obtained for histopathological analysis (22) . When bone biopsies were removed, areas of the margin of the osteolytic lesion were preferred and removed with chisels and osteotome.
Lesion samples were immediately placed into a tube containing VMGA III medium (21) and 250 µl of ultra-pure water (Milli-Q Water Purification System, Millipore, Milford, MA, USA), and stored at -196 o C, until DNA extraction.
Isolation and Identification of Microorganisms
The collected samples were processed within 2 h. Samples in VMGA III were submitted to serial 10-fold dilutions and plated onto fastidious anaerobe agar (FAA) enriched with 5 g/mL hemin, 1 g/mL menadione, 0.5% yeast extract and 5%
horse blood. Plates were incubated in anaerobiosis (90 % N 2 + 10% CO 2 ) at 37 o C, for 10 days, for isolation of anaerobes.
Additionally, samples were also incubated onto tryptic soy agar S. sobrinus (15) was determined by PCR using specific primer pairs (Table 1) . Additionally, a universal primer pair specific for bacterial 16S rDNA was used to detect DNA from all eubacterial species present in the samples (13). 
Statistical analysis
Differences between clinical parameters and the frequency of pathogen detection for each subject were analyzed by using the Chi-square or Fisher's exact test. Inter-relationships among different microorganisms were evaluated using the Spearman correlation coefficient test.
RESULTS
The data presented in Table 1 evidenced that most patients with chronic osteomyelitis were smokers (59.1%), presented gingivitis (36.4%) or periodontitis (59.1%), and this infection was more frequent in mandible. In contrast, maxilla was affected just in a five cases (22.7%) and the posterior range was the unique anatomical site affected in this bone. In seven patients (31.8%), osteomyelitis showed a possible relationship with previous dental extractions or endodontic treatment.
The microbiota associated with maxillary osteomyelitis was similar to that observed in the mandibular cases. By using culture, single or multiple microorganisms were detected from 12 samples (Table 3) , while single or multiple microorganisms were detected from 16 samples through PCR (Table 4 Staphylococcus sp. were detected in only two samples (Table   4 ). An average of 3.8 species of strict anaerobes and 1.5 species of aerobes and facultative anaerobes were detected or cultivated per specimen, and this phenomenon was statistically significant (Chi-square test, p= 0.031).
In this study, the most frequently cultivated Table 3 . Microorganisms cultivated from twenty-two cases of chronic osteomyelitis of the jaws. hypovascularized bone may be associated with this condition (7, 22) . In the present study, several fastidious strictly anaerobic bacteria commonly present in the dental biofilm were detected, suggesting that the source of infecting pathogens in osteomyelitis of the jaws is likely to be gingivitis, This study suggests that cases of chronic osteomyelitis of the jaws are usually due to mixed anaerobic infections caused by oral microorganisms, especially those from the subgingival biofilm, frequently associated to staphylococci and enteric microorganisms.
Microorganism Prevalence N (%)
Actinomyces israelii 3 (13.6) Actinomyces naeslundii 3 (13.6) Actinomyces viscosus 1 (4.5) Campylobacter rectus 3 (13.6) Eikenella corrodens 1 (4.5) Enterococcus faecalis 1 (4.5) Enterobacter cloacae 1 (4.
